Abstract: Soil moisture, stable hydrogen, and oxygen isotopes were sampled and determined in a demonstration area of soil and moisture conservation at the Laocheng Town of Yuanmou County in Chuxiong Prefecture, Yunnan of three land use types: Leucaena Benth artificial forest, Heteropogon contortus grass field, and farmland. The characteristics of stable hydrogen and oxygen isotopes of soil moisture in these different land use types at different soil depths were analyzed to investigate the regularities in the quantitative formation of soil moisture balance. In terms of forest land, we found that the variable coefficient of hydrogen isotopes in the 0-20 cm soil layer was the smallest, but decreased with depth under 20 cm. While in grassland, the variable coefficient in 80-100 cm was the largest, and decreased with depth above 80 cm. As for farmland, the variable coefficient in the top 20 cm was the largest, followed by 40-60 cm, and the medium 20-40 cm was the smallest. The soil moisture hydrogen isotope values of three land use type were different at surface layer, but prone to be consistent in each type. Along the soil depth in forest land, the hydrogen isotope increased first and then decreased, while increased in the end, and the maximum appeared in 80-100 cm. In grassland, the hydrogen isotope increased initially as the forest land but then decreased continuously, so the maximum was found at 20-40 cm. And in grassland, the hydrogen isotope of all depths were higher than which of forest land and farmland. In same land use type, the hydrogen isotope of soil moisture changed significantly at the surface, and the variation of hydrogen isotopes was obviously decreased along the depth. Our findings could provide reference data which would contribute to the assessment of regional groundwater resources in the dry-hot valley of Yuanmou in this study.
Introduction
The scarcity of water resources has been one of the major and ever-growing concerns worldwide recently. As a water resource form, soil moisture has attracted the research attention of the international scientific community. It is an important source of water for the life and development of agricultural and natural vegetation, ensuring high global productivity [1, 2] , energy balance, and transport of substances [3] . Studying soil moisture stable isotopes characteristics id of significance for soil moisture replenishment, water redistribution mechanism [4] , nutrient and pollutant [5] transport in the soil, and the assessment of regional water resources [6, 7] . Stable isotopes have been widely used to evaluate regional water recharge and evaporation. In particular, they are employed as a geochemical tracer for trace ability analysis. In the last 20 years, the new but already relatively mature stable isotope technology has been increasingly utilized in various hydrogeology fields. For example, the isotope method has been used in examinations of soil moisture utilization and migration, and effective results have been achieved. Therefore, the necessity and feasibility of conducting studies on the stable isotope of soil moisture are clearly demonstrated.
The change of stable isotopes in soil moisture can be affected by precipitation infiltration, surface evaporation, horizontal migration, and vertical movement of soil moisture. Therefore, the changes in the stable isotopes of soil moisture and the isotopic composition, used as a natural tracer, can reveal valuable information of the soil moisture flux, including data on evaporation, transpiration, infiltration, which is generally difficult to obtain using other techniques [8] [9] [10] . These hydraulic characteristics are then utilized to establish the model of soil moisture movement through the models of Kostiakov, Philip, and Green-Ampt. Foreign research on soil moisture isotopes started early, and in 1953, Dansgaard [11] conducted studies on the oxygen isotopes in atmospheric precipitation. By the 1960s, isotopic tracer methods were employed in investigations of water flow, providing useful information for better understanding soil moisture movement and soil evaporation. Schwen [12] and other studies found that under steady-state conditions, the concentration of stable isotopes of soil moisture decreased exponentially with increasing depth. Additionally, other studies such as that of Broxton [13] established that the small watershed slope and the hydrological response of basins in the mountainous regions of New Mexico had generally different snow melting rates, evapotranspiration and water cycles. The author found that the isotopic variability and estimated concentration time were related to the orientations of the basins. Domestic scholars studied the isotopic composition of soil moisture later, but rapid advancements have been made in this field. Tian et al. [14] examined the precipitation and isotopic composition of soil moisture in the middle of the Qinghai Xizang Plateau and analyzed the regularities of stable isotopes and their association with water migration under different depths of the soil profile. Hou et al. [15] studied the stable isotopes characteristics of rainfall infiltration under vegetation composed of three typical species in Taihang Mountain. Deng et al. [16] using spring water stable isotopes variation analysis conducted research on the relationships between the transformations under low mountain precipitation of soil moisture of three areas in the Beijing Xishan Jiufeng region. Cheng and Liu [17] determined the levels of the stable isotopes of soil moisture under conditions of precipitation in a loess source region and four types of land use, and studied the characteristics of the stable isotopes of soil moisture and the mechanism of soil moisture movement in this area.
Nevertheless, the studies on the changes in the stable isotopes of deep soil moisture in the dry-hot valley region of Yuanmou, especially under the conditions of different land use types, are still scarce. In the present investigation, in the demonstration area of soil and water conservation in the old urban and rural areas of Yuanmou, we used the stable hydrogen and oxygen isotopes tracer technique and analyzed the stable isotopes in the soil profile at a depth of 0-100 cm in three land use types (Leucaena Benth artificial forest, Heteropogon contortus grass field, and farmland). We determined the characteristics of isotope profile distribution and the variations in soil moisture. And futher revealed the deep soil desiccation conditions. Furthermore, we established the mechanisms of formation and movement of soil moisture, as well as the water recharge mechanism. Our findings provide a reference for solving the issue of meeting the water needs of the dry-hot valley vegetation and facilitate vegetation restoration and meaningful water resources regulation.
Materials and Methods

Overview of the characteristics of the study area
This study area was a typical district in dry-hot valley of Yuanmou, with the following geographical coordinates: N25°33′44"-N25°36′50", E101°51′21"-E101°53′32". The region is characterized by distinct dry and wet seasons, an average annual rainfall of more than ≤ 800 mm, average annual temperature of 21.9°C, ≥ 10 °C, and accumulated temperature of 7,791.6°C. The average evaporation equals 3,847.8 mm while the average annual rainfall is only 634 mm. More than 1.5 of the average annual of climatic dryness. Between 80% and 90% of the total rainfall in the whole year occurs in the period from June to October. The absolute maximum value of the temperature is above 40°C. A small number of trees exist in shady sites with a thick soil layer. More 
Sample collection and method
Sampling method
Three types of vegetation (Leucaena Benth artificial forest, Heteropogon contortus grass, and farmland) were selected for examinations in the dry-hot valley. Five positions were selected on each slope based on the altitude gradient from top to bottom, farmland set three slopes position, the 20 m*20 m fixed sample plots were at each slope. The soil drilling or the profile method was employed in June 2016 to collect soil samples from different depths in each of the predetermined plots ( Table 1 ). The sampling depth was recorded for the areas occupied with Leucaena Benth artificial forest (0-100 cm), Heteropogon contortus grass (0-100 cm), and farmland (0-60 cm). A mixed sample collected at soil depth intervals of 20 cm. To avoid the isotopes fractionation triggered by evaporation, samples were collected on the site and quickly transferred into 8-mL glass bottles and sealed, then put in a low-temperature sample box and transported to the laboratory for cry opreservation. To reduce the human disturbance in the course of sampling, the landfill of the same volume was adopted after the soil sample was collected. Soil moisture was measured by the drying method, which refers to the water expelled from the soil at 105°C. Vacuum extraction of soil moisture and determination of the stable hydrogen and oxygen isotopes were accomplished at the central Stable Isotope Laboratory of China Academy of Forestry Sciences.
Sample analysis
Soil moisture content was determined by traditional drying-weighing methods. Soil moisture was extracted by low temperature vacuum distillation [18] . Compared with the azeotropic distillation method, this approach was more time-consuming, but the extracted water reflected more precisely the composition of hydrogen and oxygen isotopes in the sample [19] . In the extraction process, we ensured that the entire device was in a vacuum state without leakage and that the sample was no longer producing water vapor, indicating that the water had been fully pumped. The extracted soil moisture filtered by Picarro L2140-i micro-temperature cracking reaction module, with the majority of the organic contamination removes, was measured by Picarro L2130-i (Picarro, Inc., Sunnyvale, CA, USA) ultra-high-precision liquid water and water vapor isotopes analyzer of hydrogen and oxygen isotopes, the errors were less than 0.100‰ and 0.025‰. The analysis results in isotopes of hydrogen and oxygen with levels that are thousand points lower than the Standard Mean Ocean Water (SMOW).
Where: R sam = the natural abundance ratio of hydrogen or oxygen isotopes in the sample tested (‰); R std = the natural abundance ratio of the hydrogen or oxygen isotopes of the Standard Mean Ocean Water (SMOW) (‰)
Data analysis
The correlation between hydrogen and oxygen isotopes of soil moisture in different soil layers under different land use types were analyzed statistically by SPSS. The transforms of hydrogen and oxygen isotopes of soil moisture in different soil layers under different land use types were plotted using SigmaPlot 10.0 and Microsoft Excel 2010. Ethical approval: The conducted research is not related to either human or animal use.
Results
Characteristics of soil mechanical composition
The mechanical composition of coarse silt the soil under different land use types in Yuanmou about 40% of each layer , which is the main component of the sample. The weight percentage of the fine sand was less than 20% per layer, and that of sand accounted for less than 10% in all forest layers, whereas it as approximately 20% in all layers of the grassland soil. Therefore, we determined the soil in 
Dynamics of the soil moisture content
In a previous study, the soil moisture content directly affected the ratios of soil solid and liquid components, and the gas three-phase ratio, as well as soil fertility and crop growth and development [20] . In our investigation, the soil moisture content had different dynamic characteristics under different land use types (Fig. 1) . The soil moisture content established could be arranged in the following descending order: sloping farmland (17.47%) > forest land (16.15%) > grassland (14.63%). The main reason for this arrangement can be attributed to the increase in the artificial water content of the soil by the drip irrigation applied in the farmland, leading to its highest soil moisture content values. On the other hand the higher moisture amount in the forest land than that of the grassland was due to the thicker canopy and denser foliage, and the forest owing to which that land received the total amount of solar radiation than the grassland was smaller, coupled with the surface of more litter cover, soil evaporation was small, so the forest land soil moisture content was higher. The soil layer of the forest land had the lowest moisture content at a depth of 60-80 cm, whereas the soil layer 40-60 cm of the grassland exhibited its lowest moisture amount. Above 60 cm soil layer, the content soil moisture of each of the three land use types decreased with the increase of soil depth. Below the 60 cm soil layer, the content soil moisture of the forest land increased with the depth of the soil layer, while the grassland increased first and then decreased with the increase of depth. This was mainly due to differences among the soil moisture consumption of different vegetations. The variable coefficient of soil moisture at three land use types was moderate intensity, which showed grassland > forest land > farmland.
Dynamics of hydrogen and oxygen isotopic composition of soil moisture
The changing range of hydrogen and oxygen isotopes composition of soil moisture was as follows: forest land . The hydrogen and oxygen isotopes in the soil moisture varied significantly with the increase in depth of the soil layer, and the trends of the variations in the hydrogen and oxygen isotopes in the soil moisture were basically identical. Due to presence of stable hydrogen and oxygen isotopes in the soil moisture, they obeyed the same transformation law, and the molecular weight of the hydrogen isotopes was lower than that of the oxygen isotopes. Thus, the fractionation effect of the hydrogen isotopes was stronger than that of the oxygen isotopes. Therefore, it is more convincing to use the change of hydrogen isotopes to interpret the movement of soil moisture, which is also the reason why the application of hydrogen isotopes is more extensive than that of oxygen isotopes.
Properties of hydrogen and oxygen isotopes in the soil moisture under different land use types at various depths of the soil layer
The isotopes ratios of soil moisture (Figure 2) varied depending on the different land use types and by soil depth on the slopes of the forest land and the grassland, and considerable changes were observed at 20-40 cm in the layers of the upper and middle slopes. The stable isotopes reached its maximum value in the forest soil, and the grassland in the 80-100 cm soil layer reached a maximum value that was significantly greater than that of the forest. In the lower part of the slope, the changes in the soils under the three land use types were small, with no obvious trends. No significant changes were observed also in the ratios of the stable isotopes in different slope positions of the farmland. This approach is one of the few that permit an assessment of the amount of deep water percolation, in cases of absence of water content change in deeper layers. As is well known, according to the principles of soil physics, the process of deep water percolation is realized by two ways: increase in the water reserve in the deeper layers and without a change in the soil moisture in those layers. The stable isotopes method can be used to analyze the change in the water content in the soil layers, and then the depth of water penetration can be evaluated.
Statistical characteristics of hydrogen isotopes in the soil moisture under different land use types with the depth of soil layer
The hydrogen isotopes of soil moisture in different soil layers under different land use types were analyzed by descriptive statistics. As can be seen from Table 3 , although the hydrogen isotopes in soil moisture were affected by the land use types, precipitation infiltration and evaporation increased with the soil depth. The mean values can be arranged in the following descending order of the hydrogen isotopes in the soil layer in the forest land was: 80-100 cm > 20-40 cm > 60-80 cm > 40-60 cm > 0-20 cm. Hence, the upper layer of the soil moisture was "light", whereas the lower-layer soil moisture characterized it as "heavy". The soil moisture in the upper depths was more considerably affected by rainfall, so the soil moisture The variable coefficient of reflected the changing degree of hydrogen isotopes in soil moisture at different depths. The greater variable coefficient of indicated more intense transformation of the hydrogen isotopes in soil moisture, and vice versa [21] . The variable coefficient of hydrogen isotopes in the forest land was the lowest in the 0-20 cm soil layer, and the below 20 cm decreased along the depth, so it had the greatest variability. The variable coefficient of the hydrogen isotopes of the grassland was the largest in 80-100 cm soil layer, because of that the hydrogen isotopes was continuously enriched by evaporation fractionation, which changed the hydrogen isotopes of soil moisture in this layer. Over the 80 cm soil layers, it decreased with the increase of soil depth, which was the smallest in 60-80 cm soil layer. It indicated that evaporation of soil was weak , of which had better water retention effect in 60-80 cm. The variation was large, due to strong soil evaporation in 0-20cm soil layer. The variable coefficient of hydrogen isotopes of different layers showed 0-20 cm > 40-60 cm > 20-40 cm in farmland. Because of man-made irrigation and rainfall, the soil varied most in 0-20 cm. The soil moisture retained the isotopic characteristics of groundwater to the maximum extent, and it depended less on evaporation in 20-40 cm soil layer.
The contents of hydrogen isotopes varied considerably in the soil surface under the three land use types studied (Figure 3 ), but was constant in the deep soil layer. This tendency was due to the susceptibility of the shallow soil moisture to precipitation mixture and evaporation, leading to substantial variations in the quantities of hydrogen isotopes. While the deep soil moisture receiving precipitation was limited, so its value transformed little. Among them, forest land and grassland were above the 60 cm soil layers, the fluctuation range were most apparent. The fluctuations in the range of hydrogen isotopes in the surface layer of 0-20 cm in the farmland area were the largest. In general, at a soil depth of 60-100 cm, the levels hydrogen isotopes of soil moisture in the forest land and grassland recovered and stabilized their rates, indicating that evaporation exerted an insignificant influence on the levels of hydrogen isotopes in deep soil moisture.
Relationship between hydrogen and oxygen isotopes in soil moisture under different land use types
Regression analysis was conducted to evaluate the correlation between the hydrogen and oxygen isotopes of .
The evaporation, composed of hydrogen and oxygen isotopes in soil moisture, is a function of humidity that could reflect the degree of evaporation experienced by water bodies [22] . In our study, the magnitude of intercepts and slopes indicated the extent of evaporation and fractionation since the field was located in a semiarid area with low humidity and strong evaporation, and the slope was smaller. The transformation of the hydrogen and oxygen isotopes of soil moisture was affected by many factors, such as stable isotopes in atmospheric precipitation, surface evaporation, horizontal migration, and the vertical movement of moisture in soil, as well as land use types and human activities [23] . The site conditions of the forest land and grassland in the study area of the present investigation were more complicated than that of farmland, and the vegetation types were more diverse, whereas the site conditions and crop types grown in the farmland were relatively simple.
Discussion
The soil moisture content is the link between the atmospheric and plant water in the soil-plant-atmosphere continuum systems. In the course of the vertical movement of soil moisture, evaporation of water occurs. The hydrogen and oxygen isotopes of soil moisture can reflect the characteristics of soil moisture movement, and their changes are closely influenced by land use types, water vapor sources, meteorological conditions, atmospheric circulation, and other factors. The influence of land use types on soil moisture is especially complex and can hinder the direct action of precipitation on soil and affect the evaporation of soil moisture by creating a distinct local microclimate. Furthermore, the litter layer can prevent precipitation from striking the soil, and thus indirectly influences the infiltration process by improving soil properties. On the one hand, the underground part can cause changes in soil properties, such as an increase in soil porosity and soil moisture holding capacity, and an improvement of water retention characteristics. On the other hand, plant roots can also indirectly affect the distribution of soil moisture through the absorption and utilization of soil moisture [24] . Therefore, studying the dynamic variations of hydrogen and oxygen isotopes profile of soil moisture is vital to better understanding the mechanisms of water movement, precipitation infiltration recharges, evaporation of soil moisture, and water uptake by plant roots in a SPAC system. At the same time, research on the relationships between hydrogen and oxygen isotopes in soil moisture and the vertical changes in soil profile, lay the foundation for exploring plant root water absorption [25] [26] [27] . The evapotranspiration of plants and the hydraulic enhancement of roots lead to dynamic changes of hydrogen and oxygen isotopes in soil moisture across the soil profile. In an earlier examination, when water was absorbed by plant roots and moved from the roots to the leaves, isotopes fractionation was not usually observed, but the concentration of hydrogen and oxygen isotopes in soil moisture changed [28] . Vertical variations of hydrogen and oxygen isotopes in soil moisture throughout the soil profile resulted mainly from the actions of surface evaporation conditions and the varying root depth expanding across different soil levels under diverse land use types. Because of the difference in soil texture and structure, the characteristics of the soil layers at different depths may affect the infiltration, recharge from rainfall, and the behavior of plant roots [29] . However, the changes of hydrogen and oxygen isotopes in deep soil moisture displayed a lag, and the range of their alterations was relatively small. Especially in arid and semi-arid areas [30] , plant transpiration is more likely to lead to an enrichment of hydrogen and oxygen isotopes of soil moisture. In this study, soil depth was the main factor affecting the hydrogen and oxygen isotopes of soil moisture. With the increasing of soil depth, the water transport process was retarded, and over 60 cm was the active area. At that depth, the soil structure was loose, and water infiltration was faster. Besides, there was a strong exchange of moisture vapor in the soil layer, which means that the evaporation of precipitation could have a strong effect on surface soil moisture. In addition, soil surface mulch might have had a considerable influence on the soil physical environment near the surface, especially when the soil depth was more than 60 cm; different mulch materials varied in their capacity to suppress soil moisture evaporation [31] . Previous studies [32] [33] [34] have shown that different land use types may have a substantial impact on the soil physical environment near the surface, especially at a soil depth of more than 60 cm. Thus, the inhibition intensity of soil moisture evaporation is different. In general, the variation trend of hydrogen isotopes value of soil moisture was dissimilar from that of deep soil moisture under different land use types. Moreover, deep-level soil moisture was interrupted by outside interference extremely weakly, reverse from the surfer layer soil. And it indicated that surfer layer soil had stronger water permeability and less water retention in the process of infiltration. For forest land and grassland, the hydrogen isotope in deep-level soil moisture was higher than that in the surface layer, reverse from the farmland, which reflected the isotopes fractionation effect of soil evaporation to some extent.
The vertical distribution of soil moisture refers to the transformation of soil moisture with the depth of a soil layer, which is affected by precipitation and root absorption. In an earlier investigation, the authors found that the vertical distribution of soil moisture across the soil profile was uneven under different land use types [35] . On the same slope, the differences in the position, land use type, plant growth status, and the soil physical and chemical properties also led to variations in soil moisture distribution. The variation of the hydrogen isotopes in soil moisture with soil depth had the following characteristics. First, under different land use types, the hydrogen isotopes of soil moisture were different in the upper soil layer but tended to be consistent with increased with the increase in soil depth. The hydrogen isotopes of the forest land initially increased with the depth, then decreased and increased again. Nevertheless, generally, the trend was increasing, and the maximum value appeared within 80-100 cm, that is, in the deep soil layer. The hydrogen isotopes value of the grassland first increased with depth, similarly to that the trend in the forest land, but then continuously decreased, and their maximum value appeared in the range 20-40 cm. The hydrogen isotopes value of soil moisture of the farmland increased more with the depth of the soil layer, as compared with the forest land and grassland, which showed an opposite association. Second, under the same land use type, the values of the hydrogen isotopes of soil moisture in the upper soil layer changed drastically with the increasing of depth, and the level of hydrogen isotopes decreased significantly. With the increase in soil depth, the fluctuations in the values of the hydrogen and oxygen isotopes of soil moisture gradually diminished. This tendency was particularly obvious for the soil depth of 80-100 cm, where the levels of hydrogen and oxygen isotopes of soil moisture were stable. The moisture content in the soil surface was easily influenced by the combined impact of atmospheric precipitation and evaporation. This combined activities resulted in substantial transformation in the composition of hydrogen and oxygen isotopes. Nevertheless, the compensation of atmospheric precipitation for deep soil moisture was exceedingly limited, leading to minor changes in the composition of its hydrogen and oxygen isotopic values. Under different land use types, the values of the hydrogen and oxygen isotopes of soil moisture were different and tended to ascending with the increase in depth. Under the same land use type, the change of hydrogen and oxygen isotopes values of soil moisture was not apparent. This finding indicated that the mechanisms of water infiltration under different land use types were different. Studies have showed that the large pore preferential flow may be the only channel for resources of deep-level soil moisture [36] . The variation of hydrogen and oxygen isotopes of soil moisture affected by many factors, such as the hydrogen and oxygen isotopes of atmospheric precipitation, surface evaporation, horizontal migration and vertical movement of soil moisture, as well as vegetation types and human activities [37] . The presence of preferential flow in soils under different vegetation cover is well known. From the view of regularities of water movement, the quantitative regularities of soil water balance under different vegetation cover in the rainfall condition were explained by the data on the isotopes distribution of the soil profiles in this study. Furthermore, after analysed of rainwater infiltration into the soil, a part of evapotranspiration was released, and the other part was retained in the root zone and penetrated deeper. Therefore, the changes of hydrogen and oxygen isotopes in soil moisture of the deep layers of forest land and grassland confirmed that a preferential flow occurs during the process of precipitation infiltration. Because of the well-developed root system of the plants inhabiting the forest land and the grassland, conditions for the formation of large pores existed, and the necessary path for the generation of a preferential flow. was also provided In the farmland, due to the influence of the vegetation coverage and human disturbance, the degree of soil compaction was considerable, less large pores were available. Furthermore, this slowed down the infiltration velocity resulting in an infiltration process that was mainly in the form of a piston flow and an isotopic enrichment of the soil surface. The hydrogen and oxygen isotopes of soil moisture had a good linear relationship during the sampling period. No significant differences in the hydrogen and oxygen isotopic content of soil moisture were observed among the three land use types. Additionally, the gradient was distributed with depth. An earlier study showed that the values of hydrogen isotopes of soil moisture were also associated with rainfall [38] . Furthermore, in addition to the effects of precipitation, hydrogen isotopes were also affected by the exchange of water and surface evaporation [39] . In addition, land use type is a vital factor affecting the underlying surface of the watershed. Vegetation can affect evaporation and emission, as well as surface runoff and soil erosion, through different physiological characteristics [40] . The enrichment of hydrogen and oxygen isotopic in the soil moisture in the Leucaena Benth artificial forest and Heteropogon contortus grass field were similar. The reason for that similarity was that the canopy interception and the influence on precipitation infiltration were not only superimposed, but also slightly different. The diverse land use types exerted various inhibiting intensities on soil moisture evaporation. For example, the canopy interception of the Leucaena Benth artificial forest was stronger than that of the Heteropogon contortus grass field. These dissimilarity led to more significant precipitation evaporation fractionation in the Leucaena Benth artificial forest, but its soil infiltration rate was higher, which further reduced the fractionation of the soil moisture infiltration process. Therefore, the extent of enrichment of the hydrogen and oxygen isotopic content in soil moisture was similar. These processes in the farmland were affected by human disturbance, which resulted in a more distinct change. In the different land use types, the characteristics of the migration of hydrogen and oxygen isotopes in the soil moisture and their mechanism of migration were successfully studied in preceding research [41] . Nevertheless, water resources issues, such as ecological water demand, water cycle, and vegetation restoration in the dry hot valley region of Yuanmou have not yet been resolved until now. Therefore, further continuous and comprehensive research in this area is required to elucidate the underlying mechanisms and provide an appropriate solution of this critical problem under the ever-increasing negative impact of global warming.
Conclusion
We found a close relationship between soil texture and effective water capacity in the soil at 0-100 cm, which we characterized as coarse sandy loam. The content of soil moisture showed different levels of dynamic transformation under the different land use types. The soil moisture percentage can be arranged in the following descending order: sloping farmland (17.47%) > forest land (16.15%) > grassland (14.63%). The average values of hydrogen and oxygen isotopes in the composition of soil moisture were as follows: forest land (-121.12‰) and (-16.25‰), grassland (-112.49‰) and (-15.00‰), and farmland (118.53‰) and (-16.28‰), respectively. The precipitation and evaporation were vital factors in controlling the transformation of hydrogen and oxygen isotopes composition of soil moisture. The variable coefficient of hydrogen isotopes in the forest land was the lowest in the 0-20 cm soil layers, whereas it decreased in the soil layers below 20 cm with the increase in soil depth. The grassland was the largest in the 80-100 cm soil layer, 80 cm above decreased with the depth. The soil at the depth 0-20 cm in the farmland exhibited the greatest variability that was due to anthropogenic drip irrigation disturbance and rainfall. The order here was 0-20 cm > 40-60 cm > 20-40 cm. The values of the hydrogen isotopes of soil moisture varied significantly and generally consistently with the depth of the soil layers. We established the following major tendencies. First, different levels of the hydrogen isotopes of soil moisture in the upper soil layer were observed under different land use types. As for the forest land increased first, then decreased and then increased, and the maximum value appeared in 80-100 cm. And in grassland increased first, but then decreased continuously, so the maximum value appeared in the range 20-40 cm. And in farmland it began to decrease and then increased with the increasing of depth. Second, under the same land use type, the hydrogen isotopes value of soil moisture in the upper soil layer changed drastically, With the increasing of depth, the trend is obviously decreasing.
